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Description 

[0001] The present invention relates generally to systems for treating sleep disorders. More particularly, the inven- 
tion relates to systems for treating obstructive sleep apnea using an adaptive control system for applying air pressure 
5 to the nasal airway. 

[0002] Obstructive sleep apnea (OSA) is a newly recognized disease that victimizes 1 5% of adult males. The dis- 
order arises during sleep when the victim undergoes repeated cessation of breathing. This cessation results from an 
obstruction of the throat air passage (pharynx) due to a collapse of the throat air passage. Repeated cessation of 
breathing reduces blood oxygen and disturbs sleep. Reduction in blood oxygen can cause heart attacks and strokes. 

10 Sleep disturbances can produce excessive daytime sleepiness, a leading cause of auto accidents. 

[0003] Medical research over the past decade has provided only one effective and practical approach to OSA ther- 
apy, known as nasal continuous positive airway pressure (CPAP). In this therapeutic approach, a patient's nose is cov- 
ered with a mask that forms a pressure seal with the surrounding face. While the patient sleeps, the mask is pressurized 
to a level that distends the collapsible throat air passage, thereby preventing obstruction. 

15 [0004] This therapeutic approach provides two significant advantages: it is uniformly effective, and it is entirely 
benign. A major disadvantage of this approach is that the patient must remain overnight in a hospital sleep center to 
undergo a full night polysomnography study with the pressure mask in place to determine the therapeutic level of pres- 
sure. A further disadvantage of this approach is that the pressure delivered to the patient during the polysomnography 
study is constant and fixed at the prescribed level, even though the patient's requirements may vary throughout the 

20 night and from night-to-night. 

[0005] The overnight study represents a major bottleneck to treating hundreds of thousands of patients with OSA 
because it typically requires two full night polysomnography studies for each new patient: one to establish the diagnosis 
(diagnostic-polysomnogram) and another to establish the aforementioned therapeutically optimal pressure (therapeu- 
tic-polysomnogram). The therapeutic polysomnographic study is necessary to determine the minimum level of pressure 

25 required to produce a patient pharyngeal airway (i.e., to determine the necessary therapeutic pressure required for 
properly treating the patient). These studies, performed in a specialized hospital sleep center, allow a specialist to spec- 
ify the pressure to be used when prescribing nasal CPAP therapy. For this reason, the therapy cannot be prescribed by 
an internist or general practitioner. 

[0006] Due to the requirement of two night polysomnographic studies, hospital sleep centers are crowded even 
30 though only a small percentage of OSA victims are presently being treated. Further, the significant cost of the overnight 
polysomnographic study by a hospital sleep center represents a significant obstacle to diagnosing and treating the 
large population of sleep apneics. The backlog of undiagnosed and untreated OSA patients thus represents a substan- 
tial public health problem. 

[0007] To address the foregoing drawbacks of existing approaches to diagnosis and treatment of OSA, recent com- 
35 mercial technology provides overnight, unattended monitoring of breathing in the patient's home. Such unattended 
monitoring generally permits the physician to diagnose OSA without requiring a diagnostic overnight study in the hos- 
pital sleep center. However, a hospital sleep center is still required for establishing the therapeutically optimal pressure 
of nasal CPAP in each patient. Accordingly, medical practitioners have been slow to use the new monitoring technology 
for diagnostic purposes since the patient must, in any case, be referred to a sleep center for a full night therapeutic poly- 
40 somnographic study. 

[0008] Wo-A-88/1 01 08 discloses a CPAP apparatus including a variable pressured air source including an air com- 
pressor and means to vary the air pressure delivered therefrom. Moreover, the apparatus includes a nose piece for 
sealed air communication with a patient's respiratory system; an air communication line from the air source to the nose 
piece, a sound transducer adapted to be in sound communication with the patient's respiratory system, and a feedback 
45 system controlling the output pressure of the air source in response to an output from the transducer so as to increase 
the output air pressure from said air source, in response to detection of sound indicative of snoring, in accordance with 
a predefined procedure. 

[0009] Accordingly, it would be desirable to render the diagnosis and therapy of OSA more practical, convenient 
and inexpensive. To achieve this end, a system for automatically establishing the desired nasal CPAP pressure is 
so needed. More particularly, a positive airway pressure system is required which will allow a physician, following diagno- 
sis with convenient monitoring technology, to prescribe nasal CPAP without specifying the pressure. This object is 
achieved with the features of claim 1 . 

[0010] The present invention is therefore directed at providing a practical, convenient and cost-effective system for 
diagnosing and treating OSA. Further, the invention is directed to portable systems for automatically and continuously 
55 regulating the level of nasal pressure to an optimal value during OSA treatment. OSA therapy is implemented by auto- 
matically applying an appropriate pressure level to a patient. The applied pressure is continuously re-evaluated and 
optimized. This optimal level varies with body position and stage of sleep throughout the night. In addition, the required 
pressure varies depending upon the patient's body weight and whether or not any deleterious substances, such as 
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alcohol or sleeping medicine, have been ingested. 

[0011] Thus, the preserit invention relates to systems for adaptively providing continuous positive airway pressure 
to an upper airway system by detecting airflow data in the upper airway system at predetermined increments of time; 
averaging said airflow data over a second period of time which includes a plurality of said predetermined time incre- 
5 ments; determining non-respiratory airflow using said averaged data; identifying periods of inspiration and expiration 
using said non-respiratory airflow data; extracting information or features from said airflow data; and continuously 
adjusting pressure in said upper airway system. 

[001 2] In a preferred embodiment, a portable adaptive control system is provided which continually searches for the 
optimal minimum pressure required to adequately distend a patient's nasal pharyngeal airway. By rendering the system 

w portable, a large percentage of OSA victims can be cost-effectively treated in their homes, thus reducing the overcrowd- 
ing in expensive hospital sleep centers. Optimal minimum pressure is used because higher pressures increase the like- 
lihood of side effects (e.g., daytime rhinitis), and reduce the likelihood of patient compliance. A patient's compliance in 
regularly using the system is a significant concern inasmuch as the system is a portable device used at the patient's 
home without the supervision of a hospital sleep center specialist. 

15 [0013] To address the need for a practical device which will further enhance patient compliance, transducers must 
not be placed on or in the patient's body. Rather, all information used for automatic pressure adjustments is derived by 
• continuously measuring airflow from the pressure generating source (blower) to the nasal mask. Airflow is measured 
quantitatively by a pneumotachograph interposed between the pressure generating source and the mask. This contin- 
uous measure of airflow provides a feedback signal for the adaptive control system to maintain a desired level of output 

20 pressure. 

[0014] Other objects and advantages of the present invention will become more apparent from the following 
detailed description of preferred embodiments when read in conjunction with the accompanying drawings, wherein like 
elements have been designated by like numerals and wherein: 

25 Figure 1 a shows an exemplary embodiment of an auto CPAP system with an adaptive control feature; 

Figure 1b shows a conceptual diagram illustrating an operator of the adaptive control system; 

Figure 2 shows a graph of characteristic features and upper airway resistance versus mask pressure for one par- 
30 ticular mechanical condition of a simulated pharyngeal airway; 

Figure 3 shows a graph of characteristic features and upper airway resistance versus mask pressure for a second 
mechanical condition of the simulated pharyngeal airway; 

35 Figure 4 shows a graphical representation of decision criteria modifiers used in conjunction with an exemplary 
embodiment of an adaptive controller; 

Figure 5 shows an exemplary implementation of testing and non-testing modes of operation; 

40 Figures 6a and 6b show a display of pressure (PM), microphone signal (sound), 0 2 saturation (0 2 Sat) and body 
position (L: left side; R: right side; S: supine) in an OSA patient being treated with auto CPAP; 

Figure 7 shows a general flow chart of overall operation of a preferred embodiment; and 

45 Figures 8a-c show a portion of the Figure 7 flow chart in greater detail. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

1 . Overview 

50 

[001 5] In accordance with a preferred embodiment, the present invention relates to an auto CPAP system for adap- 
tively providing continuous positive airway pressure in an upper airway system (e.g., pharyngeal airway of a patient). 
The auto CPAP system performs detection, analysis, and decision-making functions. 

55 2. System Description 

[0016] As illustrated in Figure 1 a, an exemplary system is generally labelled 2 and includes means for detecting air- 
flow from the CPAP device. The means of detecting airflow is shown in Figure 1 a to include a pneumotach 8 for meas- 
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uring instantaneous airflow. The pneumotach includes a pressure transducer and an amplifier for generating an electric 
signafproportional to airflow. 

[0017] Airflow is used to assess the respiratory and dynamic mechanical characteristics of a patient's pharyngeal 
airway (PA) during sleep and to adjust the therapeutic CPAP pressure as required. Total airflow is the sum of non-res- 

5 piratory and respiratory airflow. The non-respiratory airflow corresponds to a bias flow plus system leaks. 

[001 8] Respiratory airflow typically corresponds to patient breathing and has two sequential, tidal components: one 
caused by inhalation and another caused by exhalation. This tidal airflow is phasic and therefore allows the onset of 
inspiration and the onset of expiration to be identified. The onset of inspiration corresponds to the time at which total 
airflow begins to exceed non-respiratory airflow. The onset of expiration corresponds to the instant when total airflow is 

10 less than the non-respiratory value. 

[0019] Using the non-respiratory airflow, airflow peaks and mean inspiratory airflow can be determined. Because 
the onset and termination of inspiration are identifiable, parameters related to the shape of a time profile of inspiratory 
flow can also be determined. In a preferred embodiment, a degree of roundness and flatness of the inspiratory profile 
are determined as will be described later. 

15 [0020] The measurement of airflow and subsequent determination of an inspiratory airflow profile are used to con- 
trol CPAP in accordance with the present invention. When the level of nasal CPAP that produces the maximal distention 
with the minimum pressure is abruptly reduced in sleeping patients suffering from OSA, the pharynx is observed to col- 
lapse and the pharyngeal resistance increases accordingly. These changes in upper airway resistance induce changes 
in peak inspiratory airflow and profile shape with little change in airway pressure below the obstruction. Accordingly, 

20 changes in airflow resistance can be inferred from changes in the inspiratory airflow. 

[0021] Further progressive reductions in nasal pressure lead to progressive collapse of the pharyngeal airway 
which severely reduces inspiratory airflow and causes flow limitations (i.e., increased airflow resistance). As described 
herein, a flow limitation is a situation where airflow rate is constant and independent of driving pressures. Similarly, pro- 
gressive increases in nasal pressure lead to smaller decrements in airflow resistance as the pharynx widens and 

25 reaches the limits of its distensibility. The collapsible behavior of the pharyngeal airway in response to progressive pres- 
sure changes provides a framework for determining an optimal therapeutic CPAP in accordance with the present inven- 
tion. 

[0022] Accordingly, a preferred embodiment includes means for generating pressure in the upper airway system in 
response to detected airflow. This pressure is adaptively adjusted to apply an optimal therapeutic nasal pressure. As 

30 illustrated in the exemplary Figure 1a embodiment, a pressure generating means is represented generally as a CPAP 
device. The Figure, 1a pressure generating means includes a known, electronically controllable pressure generating 
device 4, such as the commercially available "Tranquillity Plus" manufactured by Healthdyne Technologies. 
[0023] The pressure generating device is a computer controlled pressure generator which supplies a commanded 
pressure to the pharyngeal airway of a patient via a nasal mask 6 worn by the patient. Because the nose mask used 

35 has an exhaust port, a bias flow is present which increases at increasing pressure. This bias flow constitutes a portion 
of the non-respiratory airflow as mentioned previously. 

[0024] Further, the Figure 1 a embodiment includes means for adaptively controlling the pressure generating means 
in response to the airflow detecting means to automatically provide optimal CPAP. Such a feature is generally illustrated 
in Figure 1a as an A/D converter 10 and an adaptive control system 12. The adaptive control system 12 is shown as a 

40 computer (e.g., an IBM 80386 compatible) and interface which communicates a desired pressure to the CPAP device. 
[0025] During a testing mode of the Figure 1 b auto CPAP system, the pressure in the pharyngeal airway is changed 
frequently. Presently the pressure is changed by sending the value of the actual pressure value via a serial port to an 
interface box of the adaptive control system which includes a Z-80 based microcomputer board (e.g., Micromint's 
BCC52 computer/controller). The interface box reads the pressure and then converts it to a format (e.g., four line par- 

45 allel input) for the normal remote control input into the pressure generating device. 

[0026] Generally speaking, the adaptive control system generates an optimal desired (i.e., command) pressure by 
averaging airflow data over a predetermined period of time, partitioning airflow data into respiratory and non-respiratory 
components, identifying periods of inspiration and expiration using the non-respiratory component, and extracting infor- 
mation or features from airflow data. Using this information, the adaptive control system identifies a critical pressure 

so (Pcrit) at which a significant obstruction occurs during inspiration. More particularly, Pcrit corresponds to a lower limit of 
mask pressure associated with a significant decrease in peak inspiratory airflow and/or significant (i.e., critical) airflow 
limitation. After determining Pcrit, the adaptive control system identifies an optimum (i.e., minimum) effective CPAP 
(Popt) for eliminating the obstruction during inspiration. 

[0027] The adaptive control system identifies Pcrit and decides upon Popt using a series of test perturbations in the 
55 mask pressure. Results of the tests are evaluated by examining inspiratory airflow. Popt is continuously updated during 
testing periods which are initiated throughout the night to account for changes in the patient's sleep stages and sleeping 
position. 

[0028] Because a testing period is used to update Popt, the adaptive control system also decides when to test the 
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pharyngeal airway, and when to continue or to stop testing. Further, the adaptive control system (1) manages overall 
operation to optimize its own performance, and (2) monitors potential airflow measurement errors to accurately meas- 
ure upper airway performance as will be described below. 

[0029] Airflow changes and airflow profile changes in the upper airway system have been determined to be directly 
5 related to intra-pharyngeal pressure. By determining upper and lower limits of pharyngeal resistance from changes in 
airflow during a testing period, Popt can be determined for any patient at any time. Accordingly, the adaptive control sys- 
tem searches for Popt between a lower airflow limitation (Pcrit) and an upper limit (full distention of the airway). 
[0030] Operating within these relative limits ensures reliable assessment of the pharyngeal airway and an accurate 
determination of Popt. Because airflow varies widely among patients and, for any particular patient, varies with sleep 
10 stage, Popt cannot be determined by comparing airflow measurements with ideal or predicted standards. 

[0031] Generally speaking, the computer 12 of Figure 1a conceptually includes four basic components for perform- 
ing the aforementioned testing and non-testing control. As shown in Figure 1 b, these four basic components are an 
operator, a feature extractor, a testing protocol, and long term memory. 

15 a. Operator 

[0032] The adaptive control operator is an overseer that has access to information of the feature extractor at all 
times, decides when and when not to enter the testing protocol, controls the flow of information to and from long term 
memory, and maintains optimal performance and reliability. Decisions are made by the operator to ensure that the 

20 adaptive control system operates within predetermined operating limits so that accuracy is maintained. 

[0033] The normal operating limits for the adaptive control system are based on rules of operation. These rules of 
operation ensure that so-called performance indices are within predetermined physiological ranges, and that a respira- 
tory phase threshold detection mechanism system is functioning efficiently. Further, these rules are used by the adap- 
tive control system to make decisions, such as when to exit a testing period or when to return to a testing period. 

25 [0034] To ensure operation within predetermined physiological limits, the rules are designed to have the adaptive 
control system operate whenever there is (1) a low to moderate level of variation in respiratory features, (2) no hypov- 
entilation and (3) no apnea. Further, the rules are designed to have the adaptive control system operate with a threshold 
detection mechanism that adjusts for leaks in the CPAP-to-patient system. The threshold detection mechanism is used 
by the feature extractor to determine changes in phase of respiration. 

30 [0035] For purposes of the present discussion of preferred embodiments, a high variation in the respiratory features 
is defined as a variation coefficient value of 0.3 or more for four or more specified features (e.g., time of inspiration (Ti), 
total time of breath (Ttot), mean inspiratory airflow (Vm), peak inspiratory airflow (Vp), and Roundness) for a set of 5 or 
10 breaths depending on whether it is in a testing or a non-testing mode, respectively; hypoventilation is defined as five 
(5) consecutive breaths with Vm less than 40 percent of the predicted awake supine Vm; and apnea is defined as a 10 

35 second duration of no change in respiratory phase as determined by the leak adjusted threshold detection mechanism. 
The threshold detection mechanism is judged to not be completely adjusted to the actual non-respiratory flow when a 
significant increase or decrease in the calculated non-respiratory flow (0.03 Usee) has occurred over a period of five 
(5) breaths. 

[0036] Satisfaction of these rules and proper adjustment of the threshold detection mechanism are criteria used by 
40 the adaptive controller in deciding whether or not to enter a testing mode. If these rules are not satisfied during a non- 
testing period, either a subsequent testing period is delayed or the CPAP is adjusted or both. If these rules are not sat- 
isfied during a testing period, the testing ceases and there is a return to the previous Popt, or to a pressure previously 
set by an outside source, whatever is higher. 

[0037] As mentioned above, the operator is an overseer which decides when to enter a testing mode. Decisions 
45 made by the adaptive control system (e.g., when to test and when to discontinue testing) are based on dynamic char- 
acteristics, or performance indices, of the pharyngeal airway during the non-testing and testing periods. During non- 
testing and testing periods, the adaptive control system continuously monitors breathing variations, hypoventilation, 
apnea, and signs that the threshold detection mechanism has not been properly adjusted for leaks. 

so (1) Non-Testing Mode Periods 

[0038] The adaptive control system operates in one of two basic nodes: a non-testing node (n-TM) and a testing 
mode (TM). Throughout the testing and non-testing modes, characteristics of the upper airway are continuously 
detected and evaluated by the feature extractor. In the non-testing mode (i.e., non-testing period), results generated by 
55 the feature extractor are used to determine if and when to delay testing, to optimize rules of operation, and to identify 
deteriorating changes in airflow. 

[0039] While in the non-testing mode, the Figure 1a auto CPAP system monitors the information from the feature 
extractor. This information is used to determine the presence of large variations in breathing frequency, hypoventilation, 
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apnea, and signs of unadjusted leaks which would affect the non- respiratory volume (n-RV). Testing under these con- 
dition^ could lead to erroneous results. Therefore, entering into the testing mode may be delayed. Hypoventilation may 
also occur during this period if mask pressure is too low. 

5 (2) Testing Mode Periods 

[0040] When the adaptive control operator decides to redetermine Pcrit and Popt, then the testing mode is exe- 
cuted in accordance with the testing protocol. As in a non-testing period, the operator has continuous access to the 
information from the feature extractor during a testing period to determine if it should continue to test for Pcrit and Popt. 
w [0041] When the Figure 1a auto CPAP system enters the testing mode, a specific-testing protocol of pressure per- 
turbations is followed. Prior to identifying Popt, the testing protocol is only interrupted if a large breathing variation, an 
apnea or hypoventilation is detected. The results from the non-testing mode and the testing mode are retained in the 
long term memory. 

15 b. Feature Extractor 

[0042] The feature extractor (FE) is the center for continuous acquisition and analysis of data. For example, the fea- 
ture extractor generates performance indices in response to respiratory airflow data. These performance indices are a 
measure of the pharyngeal airway's dynamic state and are used by the operator for decision making in both the testing 
20 and non-testing modes. In alternate embodiments, additional signals (e.g., monitoring signals related to oxygen satu- 
ration and sound) can be input to the feature extractor to assist in the continuous sensing of dynamic characteristics of 
the pharyngeal airway. 

[0043] The feature extractor has two basic functional modules: a data acquisition module and a respiratory cycle 
analysis (RCA) module. In the exemplary Figure 1a embodiment, data acquisition of the input signals (e.g., airflow) 

25 occurs via the 1 2 bit analog-to-digital converter 1 0 (e.g., Data Translation DT2821 ) every 8 msec. 

[0044] The digital values are then passed into an RCA module where eight consecutive values are averaged to pro- 
duce a single low pass filtered average value every 64 msec. Each 64 msec average value is then continuously ana- 
lyzed in the RCA module for phase of respiration, apnea, and breath features. An important characteristic of the RCA 
module is that it continuously analyzes the airflow signal to identify the respiratory component (i.e., respiratory volume, 

30 RV) and the non-respiratory component (i.e., non-respiratory volume, n-RV). 

[0045] Performance indices generated by the RCA module are updated continuously as follows, where the aster- 
isks indicate a real time occurrence of an update for the feature listed: 



During Inspiration 


During Expiration 


Respiratory phase 


* 


* 


(continually) 


End of Breath 




* 


(end of expiration) 


RCA Abnormali- 
ties 




* 


(Excessive leak detection error and future error reporting) 


Apnea 


# 


* 




Breath Features: 








Ti 




* 


(time of inspiration) 


Te 


* 




(time of expiration) 


Ttot 


* 




(total time of breath) 


Voli 




* 


(inspiratory volume) 


Vole 


* 




(expiratory volume) 


Vm 




* 


(mean inspiratory airflow) 


Vp 




* 


(peak inspiratory airflow) 


Flatness 




* 


(measure of inspiratory flatness) 


Roundness 




* 


(measure of inspiratory roundness) 



6 



EP 0 612 257 B1 

[0046] As mentioned previously, an optimum pressure is determined by evaluating the effects of incremental pres- 
sure perturbations on inspiratory airflow. Accordingly, the RCA module is designed to continuously report breath 
changes in upper airway state (i.e., to identify respiratory phase and end of breath conditions based on extracted fea- 
tures). A breath is defined as an inspiratory period followed by an expiration period. Therefore, an end of breath condi- 

5 tion is updated at the end of expiration. 

[0047] When the RCA module detects a problem, then an RCA abnormalities condition is set. For example, an 
abnormal condition is set either during inspiration or expiration when excessive flow leakage is detected. Further, the 
RCA module is designed to continuously report detection of apneas based on extracted features. 
[0048] The breath features listed above are the dynamic physiological characteristics of the pharyngeal airway. 

10 Their variations, especially in combination, are excellent measures of the pharyngeal airway behavior. Values of Ti, Te, 
Ttot, Voli Vole, Vm and Vp (defined in the above table) are physiologically self-explanatory breath features. Flatness and 
roundness values are breath features which are developed as measures of inspiratory airflow. The flatness and round- 
ness values are used in accordance with preferred embodiments to identify pharyngeal airway behavior. 
[0049] For purposes of the present discussion, flatness is defined as the, relative deviation of the observed airflow 

15 from the mean airflow. In a preferred embodiment, individual values of airflow are obtained between 40% and 80% of 
the inspiratory period. The mean value is calculated and subtracted from the individual values of inspiratory flow. These 
individual differences are squared and divided by the total number of observations minus one. The square root of this 
product is used to determine a relative variation. 

[0050] The relative variation is divided by the Vm to give a relative deviation or a coefficient of variation for that 
20 breath. This measure of airflow therefore represents a measure of flatness over the mid-range of inspiration. A relatively 
low value is used to indicate that inspiratory airflow during mid-inspiration is relatively constant. The common cause of 
this is flow-limitation secondary to pharyngeal collapse. Thus, a low value indicates the need for higher nasal CPAP 
pressures. 

[0051] For purposes of the present discussion, the roundness feature supplies information regarding the similarity 
25 between the normalized inspiratory flow profile and a sine wave normalized for observed inspiratory time and for 
observed peak flow. The airflow predicted from the sine wave, Vsine, is calculated from the following normalized sine 
wave equation: 

Vsine = Vpeak * sine(F*rc) 

30 

where Vpeak is observed peak flow and F equals the fraction of inspiratory time elapsed. This equation for predicting 
sequential airflow measurements is used when the ratio of peak flow to Ti is less than 1 .1 and greater than 0.45. For 
values of the ratio greater than 1.1 the peak is estimated by multiplying Ti by 1 .1 , and for values below 0.45 the peak is 
estimated by multiplying Ti by 0.45. 

35 [0052] The differences between consecutive values of observed inspiratory airflow and that calculated from the 
sine wave equation value are squared and summed, and then divided by the total number of points. The square root of 
this product is then divided by the mean value of airflow for that inspiration to give a normalized value for that breath. 
[0053] Accordingly, the roundness index provides an estimate of the degree to which the inspiratory airflow profile 
resembles a sine wave. As flow limitation occurs or as the airflow signal becomes less sinusoidal, the roundness feature 

40 becomes larger. This indicates an increase in upper airway resistance and suggests that mask pressure may not be 
adequate. 

[0054] Figures 2 and 3 illustrate a relationship between the characteristic features Vp, flatness, roundness, and 
upper airway resistance (Ruaw) versus mask pressure (Pm). The values presented are from a starling resistor model 
of the pharyngeal airway. 

45 [0055] In Figure 2, the pressure surrounding the collapsible tube (Ps) is 6 cmH 2 0, whereas in Figure 3, the Ps is 
1 0 cmH 2 0. For values of Pm greater than Ps, the features are represented by values which are at their minimum (e.g., 
roundness) or maximum (e.g., flatness and Vp), with Ruaw being zero. For values of Pm below Ps, as Ruaw rises the 
features dramatically rise or fall. These results indicate that Vp and flatness are measures of flow limitation and round- 
ness is a measure of increasing upper airway resistance. 

so [0056] To update the performance indices and other information presented in the above chart, the RCA module 
includes the aforementioned respiratory phase threshold detection mechanism (TDM). The threshold detection mech- 
anism detects the inspiratory and expiratory phase changes in airflow. The accuracy of the feature extraction is very 
dependent upon accurate detection of the start of inspiration. In accordance with preferred embodiments, the start of 
inspiration is ascertained solely from airflow. 

55 [0057] Basic assumptions in the threshold detection mechanism are that inspiratory and expiratory volumes are 
approximately equal. Two factors affect the volumes causing them to be unequal. The volume of oxygen consumed per 
unit time is normally greater than the volume of carbon dioxide that is produced by the body. Further, breath-to-breath 
variation in tidal volume and timing during sleep, as well as arousal which alters alveolar ventilation and exact expiration 
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volume, can result in a variation between inspiratory and expiratory volumes. 

[0058] Normally the inspiratory tidal volume is 4% greater than the expiratory tidal volume. Over a 30 second period 
of quiet breathing, all variations can be approximately averaged out of this ratio. Therefore, a resultant average respira- 
tory flow can be used as a basis to estimate the beginning of inspiration and to approximate non-respiratory flow. 

5 [0059] When breathing without a bias flow, the actual start of inspiratory flow can be detected when the airflow sig- 
nal crosses a no-flow value. This is because the actual zero respiratory flow corresponds to the zero flow value. 
[0060] The characteristic increase in slope of flow which marks the onset of inspiration occurs even in the presence 
of non-respiratory flow. However, when a non-respiratory flow exists, pneumotach zero flow and zero respiratory flow 
are not the same, since the non-respiratory flow constitutes a continuous flow through the pneumotach. 

w [0061] Accordingly, when a bias flow is present, the non-respiratory component of airflow must be determined to 
accurately identify the start of inspiration and the derived features. As mentioned above, the non-respiratory component 
is defined as that component of airflow not due to normal respiratory airflow. This non-respiratory airflow includes two 
components: the first is a known component due to the bias flow out the exhaust port of the nose mask used for washing 
out end tidal C0 2 from the mask. 

15 [0062] The second is a variable, unknown flow due to leaks around the mask or out of the patient mouth. The mag- 
nitude of this unknown flow is calculated and is used to establish times when the feature extractor may be in an unstable 
period such that information from the feature extractor may be inaccurate. More particularly, changes in the exhaust 
flow out of the mask due to pressure changes can be measured. A percent change in exhaust flow due to a pressure 
change can then be used to estimate a similar percentage change in total non-respiratory airflow during system oper- 

20 ation. 

[0063] The threshold detection mechanism for determining the onset of inspiration and expiration is highly depend- 
ent on the determination of the non-respiratory component. If the computed non- respiratory component is not within the 
specific range of the actual zero respiratory flow, then the resultant breath features are inaccurate, Corrections can be 
made during a non-testing mode or a testing mode up to a maximum of 1 .6 Usee and down to a minimum established 

25 by the known exhaust flow for the present mask pressure. 

[0064] When the value for the average respiratory flow approximates the actual zero respiratory flow in the pres- 
ence of mask exhaust flow and leak flow, the start of inspiration can thus be estimated using the change in slope as a 
characteristic marker. A lower limit can be attached to the determination of the start of inspiration by using a rule that 
inspiratory flow cannot occur below the known flow through the exhaust port. The following are exemplary preferred 

30 rules for estimating the start of inspiration and expiration. 

Onset of Inspiration: 
[0065] 

35 

1 ) Average respiratory flow is used to approximate a range of flow where inspiration will mostly occur. 

a. Average respiratory flow is primarily derived by an ongoing digital averaging of respiratory flow for a 64 sec 
window of time. 

40 b. The mean value of four (4) successive estimations of the start of inspiration is determined. These four mean 

values are averaged into the average respiratory flow with a weight of 32 sees. 

2) A range around the average respiratory flow of -0.05 Usee and +0.1 Usee is used to approximate the most likely 
occurrence of the start of inspiration. 

45 

3) While in expiration and within the above range, the start of inspiration is, in a preferred embodiment, 
Tentatively True when: 

a. The slope of the present 64 msec flow sample is greater than 0.39 Usee and the slope of the previous 64 
so msec flow was below 0.30 Usee, 

b. the slope of the present 64 msec flow sample is greater than 0.39 Usee and the slope of the previous 64 
msec flow was also greater than 0.30 Usee, or 

c. the flow has exceeded the upper limit of the range, 0.1 Usee above the average respiratory flow, and 

d. the estimated start of inspiration is above 

55 

(1) the intentional leak for the present mask pressure during a Pcrit search, and 

(2) during a Popt search, the average respiratory flow. 
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r 4) The start of inspiration is True when: 

a. The slope remains above the upper limit of average respiratory flow (+0.1 Usee), or 

b. A minimum slope of 0.27 Usee is maintained for 0.42 sees. 

5 

5) The actual start of inspiration is estimated to occur at the previous flow rate when the start of inspiration was Ten- 
tatively True. 

Onset of Expiration: 

10 

1 ) The same flow rate that was estimated for the start of inspiration is used as the start of expiration. 

[0066] The continuous adaptation of averaged respiratory flow to changes in the n on -respiratory flow (leaks) is 
made by several mechanisms. First, the averaged respiratory flow value is continuously calculated as a moving average 

15 using the 64 msec value of flow over a 64 sec window of time. This method produces a very constant value of average 
respiratory flow. Second, the use of an averaged start of inspiration as a weighted factor in the calculation of the aver- 
aged respiratory flow results in quicker adaptation of the threshold detection mechanism to moderate leaks that occur 
over an approximate 32 sec period. In addition, the averaged respiratory flow is re-initialized to the new mask pressure 
by: 1 ) prior to changing mask pressure, a ratio is found from the existing average respiratory flow divided by the present 

20 mask pressure, 2) the mask pressure is changed, then 3) the averaged respiratory flow is re- initialized to the new mask 
pressure times the ratio. 

[0067] In the case of a sudden leak which could send the total airflow above the threshold detection mechanism, 
the result can erroneously be detected as an apneic event even though respiratory changes are occurring in the flow 
signal. In this case, when no change in respiratory phase has occurred for five (5) seconds then the highest and lowest 

25 airflow values are searched for the remaining 5 seconds of the 10 second limit for an apnea determination. Before an 
apnea condition is flagged true, if the difference between the highest and lowest airflow is greater than 0.3 Usee, then 
an apneic condition is not flagged and the averaged respiratory flow is re-initialized to the midpoint between the highest 
and lowest airflow found in the last five (5) seconds of the apnea test. This last mechanism is designed to adapt to rapid 
changes in non-respiratory airflow due to leaks that may appear as an apnea to the feature extractor. 

30 [0068] Around the average respiratory flow, the method of detecting inspiratory and expiratory flow minimizes the 
computational load in deciding phase changes and maximizes the accuracy of the pattern recognition. 

c. Testing Protocol 

35 [0069] During testing periods, the adaptive control system first reduces pressure and determines Pcrit. This consti- 
tutes a characteristic lower limit of mask pressure for a given state of the patient's pharyngeal airway (e.g., sleep stage, 
position, and so forth). Having established this lower limit of pressure, the optimum higher pressure value Popt is deter- 
mined by progressively increasing intra-pharyngeal pressure. The increases in peak inspiratory pressure and changes 
in shape of inspiratory airflow profile are recorded and used to identify Popt. 

40 [0070] The determination of Pcrit during a testing period is termed the Pcrit search. The subsequent determination 
of Popt during a testing period is termed the Popt search. Each search consists of a progressive series of incremental 
changes in mask pressure (i.e., step decreases for Pcrit and step increases for Popt). 

[0071] During a preferred search to identify Pcrit there are two types of pressure decreases that are performed 
when normal rules of operation have been satisfied. The first is a 4 cmH 2 0 decrease in mask pressure (Pcrit scan) 

45 which is used to test the pharyngeal airway for significant collapsibility before a Pcrit search actually begins. The scan 
begins at a holding pressure (Ph) used during the preceding non-testing period. If the information from the feature 
extractor during the Pcrit scan indicates that a significant airflow limitation has occurred, then a limit to subsequent Pcrit 
searching is set (4 cmH 2 0 below the holding pressure). This limit prevents excessive searching for the pressure which 
produces insignificant flow limitation. 

so [0072] The second type of pressure decrease that is performed when the rules of operation have been satisfied is 
referred to herein as the Pcrit search. A Pcrit search is performed after a Pcrit scan. During the Pcrit search, the pres- 
sure perturbations are a series of 2 cmH 2 0 decreases in mask pressure. 

[0073] A test for Pcrit during a Pcrit search is repeated until predetermined decision criteria have been met (i.e., 
changes in peak inspiratory airflow and/or profile shape features detected by the feature extractor exceed predeter- 
55 mined decision criteria) or until a limit to the Pcrit search set by the Pcrit scan is encountered. Each Pcrit test is initiated 
with a pre-test period which is followed by a single breath test period and a five breath post-test period. However, when 
the decision criteria for the Pcrit search have been satisfied during the single breath test, there is no post-test period. 
[0074] The Popt search is a series of tests or increases in mask pressure (e.g., 2 cmH 2 0) which is initiated after 
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m Pcrit has been determined. The search for Popt involves finding the mask pressure at which the peak flow and the flow 
profile do not improve after a 2 cmH 2 0 increase in mask pressure. Thus, the minimum effective CPAP pressure repre- 
sents that mask pressure at which there is no improvement in the flow profile after a worsening in the flow profile. 
[0075] Each Popt test is initiated with a pre-test similar to that of a Pcrit pre-test. A single breath test period and a 

5 five breath post-test period follow the pre-test. In a Popt search, the post-test is used to detect an unadjusted non-res- 
piratory flow error. 

[0076] An unadjusted non-respiratory flow error is detected in the Popt search when the non -respiratory flow of a 
5th breath detected during the post-test is greater than that of a 1st breath detected during the post-test (e.g., by 0.03 
L/sec as described above with respect to the feature extractor) following an increase in mask pressure. If an unadjusted 

10 non-respiratory flow error was not detected, then the five breaths of the post-test period are used as pre-test values and 
a single breath test is performed immediately after what was the post-test period. If an unadjusted non -respiratory flow 
is detected then a pre-test period is performed unless at least one Popt test has been performed. If one Popt test has 
been performed and there is an unadjusted non -respiratory leak then Popt is deemed to have been found and testing 
is stopped. The pre-test period after a post-test in the Popt search allows for non -respiratory adjustments. 

15 [0077] A Popt search continues provided normal rules of operation are met until predetermined decision criteria for 
a minimum effective CPAP have been met. If an unadjusted non-respiratory error has occurred and at least one Popt 
test has been performed, then Popt is determined to have been found at the present pressure and the current testing 
mode is exited. 

[0078] In any test, if the decision criteria for a flow alone condition is exceeded (Pcrit) or not exceeded (Popt), then 
20 the test is repeated. A flow alone condition corresponds to a relatively large change in peak airflow with little or no rel- 
ative change in roundness and/or flatness. If an apnea, hypoventilation or respiratory variation error is detected during 
the testing, the testing mode is exited and the system goes directly to the holding pressure of the previous non-testing 
period. 

[0079] The decision criteria for Pcrit are considered to have been satisfied if a relative change in extracted features 
25 exceeds the predetermined decision criteria (DC) in any one of four ways: (1) difference between feature values 
extracted during a first breath test and currently established pre-test feature values exceed the DC; (2) difference 
between feature values extracted using an average of 4th and 5th breaths detected during the post-test (post-test aver- 
age) and currently established pre-test feature values exceed the DC; (3) difference between feature values extracted 
during subsequent single test breaths and the initial pre-test feature values previously established during the initial pre- 
30 test exceed the DC; or (4) difference between feature values extracted during subsequent post-tests and feature values 
of the initial pre-test exceed the DC. The detection of Pcrit using the comparisons of (3) and (4) above is referred to 
herein as a trend test. While comparisons similar to (1) and (2) above are used to identify Popt, the trend test compar- 
isons are used only to determine Pcrit. 

[0080] More particularly, the trend test is used exclusively in the Pcrit search to detect a progressive decrease in 
35 the flow profile over the Pcrit search that may not show up during any one single breath test or post-test. As described 
above, the trend test uses the initial pre-test features (e.g., five breath average) as the template for subsequent com- 
parisons during tests (3) and (4). 

[0081] In an exemplary embodiment, a test is true during a Pcrit search if relative changes in the Vp feature and the 
flatness feature or relative changes in the Vp feature and the roundness feature have exceeded the DC. Similarly, during 
40 a Popt search, if relative changes in the Vp feature and the flatness feature or relative changes in the Vp feature and 
the roundness feature changes have not exceeded the DC, the test is true. 

[0082] As described above, the process of decision making during the search for Pcrit and Popt is based on a com- 
parison of relative changes in extracted features with the actual DC for each feature. The DC are determined by modi- 
fying significant decision criteria (SDC) with significant decision criteria modifiers (SDCM) that depend upon the mask 
45 pressure. 

[0083] Prior to starting the auto CPAP system, SDC are established for each feature for both the Pcrit and Popt 
search. Exemplary SDC values are: 



50 





Pcrit 


Popt 


Vp: (flow only) 


0.24 


0.20 


Vp: (combine with below) 


0.21 


0.20 


Flatness: 


0.24 


0.20 


Roundness: 


0.40 


0.20 
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[0Q84] The SDC are preselected values for the relative change in peak inspiratory flow and/or profile shape indices. 
The SDC are the basic standards used for comparison with observed changes in peak inspiratory flow and/or profile 
shape indices during the Pcrit and Popt searches. The SDCM are factors which vary as a function of mask pressure 
(Figure 4) and modify the DC values so that the actual or operational decision criteria vary in accordance with statistical 
5 probability. 

[0085] The above SDC for each feature and search are modified depending upon the mask pressure at the time of 
the test by multiplying the SDC with the significant decision criteria modifiers (SDCM). Figure 4 illustrates exemplary 
modifiers used on the SDC. In Figure 4, the abscissa corresponds to mask pressure values while the ordinate corre- 
sponds to SDCM values. 

w [0086] Two SDCM curves are presented in Figure 4. One is for the Pcrit search, and the other is for the Popt search. 
During the Pcrit search, as the mask pressure is reduced, the modifier becomes less and the criteria to be exceeded 
becomes less. Therefore, it becomes easier to find Pcrit with less test pressure. Conversely, during the Popt search, the 
SDCM become higher and it becomes easier to find a change less than the modified SDC. 

[0087] The DC for Pcrit and Popt are derived by a formula that incorporates the SDC and the SDCM. The SDC for 
15 each performance index and desired combinations of SDC are set for Pcrit and Popt. The DC formula for each perform- 
ance index is calculated as follows: 

DC = SDC x SDCM 

20 [0088] As an adaptive control system, the auto CPAP system has several mechanisms to maintain and improve 
optimal performance and reliability. One such exemplary mechanism is the modifying the SDCM to establish an opti- 
mum range where the likelihood or probability of finding Pcrit and Popt for each patient is highest. Another mechanism 
is the continuous adjusting of the estimation of the non-respiratory flow as described previously. 
[0089] This latter mechanism has several features that act to optimize the detection of inspiration. The first is a 

25 weighting of estimations of the start of inspiration into a moving average of airflow. The second is the immediate re-ini- 
tializing of the moving average of airflow when the mask pressure is changed and a leak condition has occurred but a 
change in respiration is not detected. Another exemplary optimizing feature is weighting the performance indices and 
their combinations to increase accuracy of establishing Pcrit and Popt. 

[0090] The single best manner of maintaining reliability is to operate within the normal rules of operation. The rules 

30 can be modified if a particular problem is repeatedly encountered (e.g., leaks) to ensure performance indices are cor- 
rect. The SDC, SDCM, and the normal operating rules can also be modified by additional external inputs. For example, 
the Figure 1a system can operate with known monitors that are used in the diagnosis of OSA. One such commercially 
available oxygen saturation and snoring monitoring device is a portable sleep apnea monitor known as MESAM, avail- 
able from Healthdyne Technologies of Marietta, Georgia, USA. Inputs from this, or other monitors, can be input to the 

35 Figure 1a adaptive control system along with the airflow signal. 

[0091] As will be described in greater detail during a discussion of system operation below, a search for Pcrit begins 
with the scan protocol. As mentioned above, an exemplary scan is a single 4 cmH 2 0 decrease in mask pressure. This 
single breath decrease is preceded by 5 breaths. The mask pressure during the 5 breaths which precede the pressure 
drop of a scan is either the holding pressure during the non-testing period, or the last test pressure during a Pcrit search 

40 if the scan protocol is repeated during a Pcrit search. 

[0092] The average values from the features during the pre-pressure drop of a scan are used as control values dur- 
ing the scan. If the comparison between the 5 breath average and the post pressure drop during a scan is significant 
(as determined by the DC), the system records that the scan was significant and the post scan pressure becomes the 
limiting pressure during the Pcrit search (4 cmH 2 0 below present holding pressure). 

45 [0093] The search protocol begins with the search for Pcrit at the same holding pressure as the preceding scan 
(i.e., prior to the 4 cmH 2 0 drop). The search protocol begins with a pre-test during which 5 breaths prior a pressure 
decrease are averaged and used as controls for comparisons during subsequent single breath tests and post-tests. Fol- 
lowing the pre-test breaths, the pressure is dropped 2 cmH 2 0 and the subsequent inspiratory breath features are col- 
lected. 

so [0094] If the breath features during the decrease in pressure did not exceed the DC set for this level of mask pres- 
sure, then the mask pressure is left unchanged and a post-test period begins consisting of 5 breaths. The fourth and 
fifth breaths of this post-test period are averaged (i.e., post-test average), and the average is tested to see if it exceeded 
the same DC of the single breath test. If the DC are exceeded in either the single breath test or the post-test average, 
then the mask pressure is returned to the mask pressure set during the pre-test period and a Popt search is initiated. 

55 [0095] If neither the single breath test nor the post-test average exceeded the DC, then another test is performed, 
in this case a Pcrit test. Accordingly, during a subsequent single breath test and post-test, a trend test will be used to 
compare extracted features with features of the initial pre-test average. These comparisons are performed in addition 
to comparisons of extracted features with the current pre-test average as discussed above. 



11 



EP 0 612 257 B1 



„ [0096J In an exemplary embodiment, if a second cycle of a Pcrit search pre-test, single breath test, and post-test 
does not exceed the DC, or if the previous Pcrit scan was significant but the limiting pressure was not reached, then the 
scan protocol is repeated at the previous search mask pressure. This basic scan-search combined protocol is repeated 
until the lowest mask pressure is reached or until the comparisons exceed the test criteria. For example, if the initial 

5 scan was not significant and Pcrit has not been detected after two incremental pressure decreases, another scan will 
be performed. In this scan, an additional 4 cmH 2 0 pressure drop is introduced (i.e., total 8 cmH 2 0 drop). The afore- 
mentioned Pcrit search is then repeated. 

[0097] An exemplary search protocol for Popt is slightly different from the search used to identify Pcrit. A scan is not 
used in the testing protocol to identify Popt. Further, during a preferred Popt search, a pre-test series of 5 breaths pre- 

10 cedes an incremental increase in mask pressure. Further, the trend tests used to identify Pcrit are not used to identify 
Popt. The Popt search protocol consists of 5 pre-test breaths, a 2 cmH 2 0 step increase in pressure, and optional 5 post- 
test breaths if an unadjusted non-respiratory error was detected and if it was the first Popt test. This Popt protocol is 
repeated until no significant differences exist between Vp and/or profile shape indices of the pre-test relative to the sin- 
gle breath test and the post-test, or until there is an unadjusted no n- respiratory error and at least one Popt test. 

15 [0098] Figure 5 illustrates exemplary scan and search pressure perturbation protocols in the search for Popt. Figure 
6 shows an exemplary display of pressure, sound, oxygen saturation and body position in a patient being treated with 
auto CPAP in accordance with a preferred embodiment. In Figure 5, the x-axis is a compressed time scale while the y- 
axis is mask Pressure (Pm) from 0 to 20 cmH 2 0. CPAP 1 period is a non-testing period where the Ph was 1 2 cmH 2 0. 
[0099] In the first scan protocol, scan 1 is shown with a 5 (5 breaths) above the line indicating the pressure of the 

20 pre-single breath test (1 below the pressure line). The pressure drop for the scan 1 was from 12 to 8 cmH 2 0 and held 
for one complete inspiratory period and then returned to the previous holding pressure. Scan 1 was not found to be sig- 
nificant. Therefore, the Pcrit scan limitation is not set, and Pcrit search 1 is initiated. 

[0100] The first Pcrit search protocol begins with 5 breaths at the same holding pressure previous to the scan. As 
shown in Figure 5, the Pcrit search was not significant for the next two successive decreases in mask pressure, and so 

25 a second scan protocol, scan 2, was initiated at the mask pressure of 8 cmH 2 0. The second scan of the second scan 
protocol was significant (i.e., going from 8 to 4 cmH 2 0). Thus, the scan was judged significant and the limiting pressure 
was set at 4 cmH 2 0. During a subsequent Pcrit search, the first decrease in pressure, search 2A, did exceed the DC 
for the mask pressure of 6 cmH 2 0. The search for Pcrit was therefore ceased and Pcrit was set to 6 cmH 2 0. 
[0101] The mask pressure was then returned to 8 cmH 2 0 and the search for Popt was started, search 2B. The first 

30 test for Popt resulted in no significant changes in the inspiratory features ( i.e., no change in incrementing 2 cmH 2 0, 
from 8 to 10 cmH 2 0). Thus, the Popt search was stopped and the new holding pressure was set at 1 cmH 2 0 less than 
the last single breath test and post-test pressure (i.e., 9 cmH 2 0). 

d. Long Term Memory 

35 

[0102] The long term memory stores specific information for use by the physician or the Sleep Laboratory for diag- 
nostic or for follow-up therapeutic applications. In addition to recording upper airway system characteristic features dur- 
ing system operation, stored information can be assembled to identify the patient's use of the auto CPAP system (home 
use) or in diagnostic or therapeutic studies. This information can be used by the physician to assess the integrity of 
40 results obtained during home or lab use of the system. 

3. System operation 

[0103] A more detailed discussion of overall system operation and in particular, implementation of a preferred test- 
45 ing protocol, will now be provided. Figure 7 shows a general flow diagram of an exemplary system operation. In block 
50, the system is powered for use. In block 52, the system is initialized. This step includes setting all ports as desired 
on the adaptive control system 12. 

[0104] Following start-up and initialization, the adaptive control system operator enters a non-testing mode as indi- 
cated by block 54. While in the non-testing mode, the operator continuously evaluates whether a testing mode can be 
so entered to update Pcrit and Popt. In a preferred embodiment, a test mode can be entered only after a predetermined 
number of breaths have occurred without the detection of breathing instabilities (e.g., apnea, hypoventilation or variable 
breathing). 

[0105] An interval count is used to keep track of the number of breaths. Each interval count represents ten breaths. 
The interval count is compared to the maximum interval limit (block 56) which can range, in a preferred embodiment, 
55 from a minimum of two counts to a maximum of five counts. After five counts (i.e., 50 breaths), a decision is automati- 
cally made to enter a testing mode even though breathing instabilities may exist (block 56). 

[0106] After two intervals (i.e., 20 breaths), if all rules are satisfied (i.e., no breathing instabilities) the testing proto- 
col of block 58 is initiated. However, if all rules are not satisfied (i.e., apnea, hypoventilation and/or variable breathing is 
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detected by decision blocks 60, 62 and 64), testing is delayed by increasing the maximal interval limit up to three times 
(block 66) and the non-test interval count is incremented (block 68). The system then remains in the non-testing mode 
for 1 0 more breaths. 

[0107] Where breathing instabilities have been determined even after 50 consecutive breaths, the consistency of 
5 the instability is deemed sufficient to warrant initiation of a test mode. Thus, at any non-test interval count equal to or 
greater than maximum interval limit, a testing mode can be initiated (block 58). 

[0108] During a testing mode, a search is first made for Pcrit. Once Pcrit has been determined, a search is made 
for Popt. In the testing mode, the system continuously checks for apnea, hypoventilation and/or variable breathing 
(blocks, 70, 72, and 74). If any of these instabilities is detected (or any changes in these values are detected in the case 
10 where the test mode was entered after 50 breaths), testing is stopped (block 76). The non-test interval count is reset to 
zero (block 78) and the system returns to a non-test mode. 

[0109] At this point, because neither Pcrit and Popt has been determined, the system uses the last, accurately 
determined Popt during the non-test mode (block 76). Alternately, the system can be set up such that block 76 repre- 
sents use of a Popt determined as an average of prior (e.g., two) accurately determined Popt. In yet another embodi- 
es ment, an experimentally determined Popt previously specified by a sleep lab specialist can be used. 

[0110] Assuming the test mode is not interrupted, a search for Pcrit is then performed (block 80). During this 
search, the system continuously monitors breathing (loop 82) to detect instabilities which may influence accurate deter- 
mination of Pcrit. Once Pcrit has been determined, a search is made for Popt (block 84). Again, during the search for 
Popt, continuous monitoring of breathing is performed (loop 86). When both Pcrit and Popt have been found, the system 
20 resets the non-test interval count to zero (block 78) and returns to a non-test mode (block 54). 

[0111] Figures 8a-c show a more specific flow chart of an exemplary testing protocol represented by block 58 in 
Figure 7. The steps of the Figure 8 flow chart are first executed to determine Pcrit. Afterwards, the Figure 8 steps are 
repeated to identify Popt. 

[0112] In Figure 8a, once a test mode has been initiated (i.e., start block 90), a decision is made whether a scan 
25 test flag has been set TRUE to trigger a Pcrit scan (block 92). Assuming that the testing mode has just been initiated 
such that the scan test flag has not yet been set FALSE, a scan test is performed to initiate a Pcrit scan (block 94). 
[0113] The scan test is used to determine whether a pressure drop of, for example 4 cmH 2 0, from the pressure 
generating means results in a significant flow limitation. Throughout the scan test (and throughout all stages of the test- 
ing mode), a continuous monitoring of breathing is performed to detect instabilities (i.e., blocks 70, 72, 74 of Figure 7). 
30 [0114] In block 96, assuming no breathing instabilities were detected, a decision of whether the scan was signifi- 
cant is performed. For this purpose, five breaths are collected and their features averaged. The averages are compared 
to features detected after the 4 cmH 2 0 drop. 

[01 15] If the scan was significant, a scan significant flag is set TRUE (indicating that a lower limit for Pcrit has been 
established) and the pressure used prior to the 4 cmH 2 0 drop is used to initiate a Pcrit search. To determine whether 
35 a scan was significant, a value of 1.1 x DC is used (rather than the aforementioned Figure 4 SDC and SDCM) since a 
relatively large pressure drop is used for the Pcrit scan. 

[01 16] In block 98, a pressure drop limit of, for example, 2 cmH 2 0 is established to search for Pcrit. In block 1 00, a 
pre-test TRUE flag is set to initiate a pre-test (block 104) and a scan test FALSE flag is set to indicate completion of a 
scan test. 

40 [01 17] Where the scan was not determined to be significant at block 96, the pre-test flag is nevertheless set TRUE 
and the scan test flag is set FALSE. Because the scan significant flag is not set TRUE, another scan can be subse- 
quently initiated if Pcrit is not identified in response to two incremental pressure decreases. 

[0118] Upon completion of the scan, a return (block 102) is made to start block 90. Since the scan test flag has 
been set FALSE, the system sequences to pre-test (block 1 04). 

45 [01 19] During a pre-test, information associated with five breaths is collected (block 1 06) for comparison with single 
breath information collected during a subsequent single breath test. Upon collecting the five breath information, the 
averages of the breaths are calculated and if this was the first or initial pre-test period the averages are saved for later 
comparisons in the trend tests. Following block 106, a variable breathing test is performed (block 108) during which col- 
lected information regarding five breaths is examined for variations. If the variations are significant (decision block 1 10), 

so a variable breathing flag is set TRUE (block 1 12). Further, a pre-test completion flag is set FALSE and a change pres- 
sure flag is set TRUE (block 1 1 4). 

[0120] The setting of the flags in block 1 14 causes the system to perform a change pressure sequence (block 118) 
following a return from the pre-test (block 1 16) to the start block 90. Where no variable breathing was detected at block 
110, the variable breathing flag is not set TRUE prior to initiation of a change pressure sequence. 
55 [0121] Once the scan test and pre-test flags have been set FALSE, the system sequences from block 90 to a 
change pressure sequence (block 118). In a change pressure sequence, the system awaits a start of expiration subse- 
quent to the five breaths of the pre-test (block 1 20). The pre-test is similarly performed during a subsequent Popt search 
which is initiated after Pcrit has been determined. 
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„ [0122J At the onset of expiration during a Pcrit search (as determined at block 122), the remote holding pressure 
(Ph) from the pressure generating means is reduced, for example, 2 cmH 2 0 (block 124). During a Popt search, the 
* remote holding pressure is increased by, for example, 2 cmH 2 0 (block 126). After a pressure change has been effected, 
a change pressure flag is set FALSE, and a single breath test flag is set TRUE (block 1 28) to initiate a single breath test 

5 (block 1 32) following a return block 1 30. 

[0123] During a single breath test, the onset of a next sequential expiration is detected (block 1 34). Once this sub- 
sequent expiration has been detected, the feature extractor computes roundness and flatness (block 136) for the pres- 
sure set during the last pressure change. The pre-test and single breath data is then compared during the Pcrit test 
(block 138). A similar sequence is performed during a subsequent Popt test. 

w [0124] In block 140, a determination is made whether the results of the comparison in block 138 are significant. If 
significant and where Pcrit is being determined, Pcrit is set to the current holding pressure and a Pcrit search complete 
flag is set (blocks 142, 144). The remote pressure is then set to the holding pressure prior to the change in pressure 
(block 146), a pre-test flag is set TRUE to initiate a Popt pre-test and a single breath test flag is set FALSE (block 148). 
[0125] During a Popt search, Popt is set to the remote pressure minus, for example, 1 cmH 2 0 (block 1 50). Further, 

15 a Popt search complete flag is set TRUE, and the holding pressure is set to the new value of Popt (block 150). 

[0126] Where the results of the comparison in block 1 40 were not significant, a determination is made as to whether 
a flow alone condition exists (block 152) or whether a flow only flag has been set TRUE (block 154). A flow alone con- 
dition is considered to exist when there is a significant change in peak airflow but features of roundness and flatness 
have not changed significantly. When a flow alone condition exists for two consecutive testing cycles during either a 

20 Pcrit test or a Popt test, Pcrit or Popt are set in blocks 144 and 150, respectively. A flow only flag is set TRUE after a 
first flow alone condition so that a second consecutive flow alone condition can be detected (block 1 54). Where a sec- 
ond flow alone condition has not yet occurred, pressure is returned to the previous holding pressure, the pre-test flag 
is set TRUE and the flow only flag is set TRUE (blocks 1 56 and 1 58). 

[0127] Where the comparison in blocks 138 and 140 was not significant, and a flow alone condition had not been 
25 established (block 1 52), a post-test flag is set TRUE to initiate a post-test (block 1 55) following a return (block 1 57). Fur- 
ther, a single breath complete flag is set FALSE (block 155) so that the system will transition to the post-test at block 
159. 

[0128] Assuming the scan, pre-test, change pressure and single breath flags are all set FALSE, a post-test is initi- 
ated (block 159). During a post-test, a predetermined number of post-test breaths are collected (block 160). For exam- 
30 pie, five breaths are collected for a Pcrit search, the last two of which are averaged (blocks 162, 164). A determination 
is then made of whether this average is significant (block 166). 

[0129] If the average is significant (i.e., significant flow limitation of the pharyngeal airway), Pcrit is set to the remote 
pressure and a Pcrit search complete flag is set TRUE (block 168). The pressure from the pressure generating means 
is then reset to the previous holding pressure (block 1 69) so that the significant flow limitation is not maintained. Further, 
35 a Popt search is initiated by setting the pre-test flag TRUE (block 173). The pre-test and post-test flags are also set 
FALSE (block 173) to permit subsequent reinitiation of a post-test during a Popt search. 

[0130] If the outcome of block 166 was a negative during the Pcrit search, then a determination is made as to 
whether the Pcrit scan was significant. If so, then control flows to block 168 since the next 2 cmH 2 0 pressure decrease 
would set Pcrit to the significant pressure limit of the scan test in the exemplary embodiment described herein (i.e., this 
40 example uses a 4 cmH 2 0 scan decrease and 2 cmH 2 0 Pcrit search decreases). In this case, Pcrit is set to the scan 
test pressure. 

[0131] If the outcome of the block 167 was negative, then in block 181 a determination is made as to whether the 
pressure has been decreased to the scan test pressure (i.e., previous holding pressure minus 4 cmH 2 0). If the pressure 
has not yet been decreased to the scan test pressure, control flows to block 173 to initiate another Pcrit search without 
45 executing a scan. However, if the pressure is at the scan test pressure, the scan test flag is set to TRUE (block 183), 
and the program flow prepares for another Pcrit scan (e.g., with a holding pressure that will now be 8 cmH 2 0 below the 
original holding pressure of the initial scan). 

[0132] Where the post-test breaths at block 1 60 were acquired during a Popt search, a determination is made as 
to whether a prior increase in pressure during a Popt search resulted in a large increase in flow leakage out of the mask 
so after at least one prior Popt test has been completed (block 1 74). If so, then the Popt search complete flag is set TRUE 
(block 176) and pressure is returned to the previous holding pressure at which a large increase in leakage was not 
detected (block 1 70). Further, the scan test flag is set TRUE for the next series of Pcrit and Popt searches, the pre-test 
flag is set FALSE and the post-test flag is set FALSE (block 1 72). 

[0133] If a large flow leak was not detected during a Popt post-test (block 174), the post-test breaths are used as 
55 pre-test data (block 178), and a change pressure request flag is set TRUE (block 1 80). This causes another incremental 
increase in pressure and another Popt test in an effort to identify Popt. 

[0134] Following a detection of Pcrit and Popt during a testing protocol, the system returns to a non-testing mode 
as indicated by block 78 in Figure 7. A testing mode is then re-initiated in accordance with decision block 56 to adap- 
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tively update Pcrit and Popt. 

[0135] It will be appreciated by those of ordinary skill in the art that the present invention can be embodied in other 
specific forms without departing from the scope thereof. The presently disclosed embodiments are therefore consid- 
ered in all respects to be illustrative and not restrictive. The scope of the invention is indicated by the appended claims 
5 rather than by the foregoing description. 

Claims 

1. System (2) for providing continuous positive airway pressure in an upper airway system of a patient, said system 
w being of the type having means (4) for generating pressure to said upper airway system in response to a command 
pressure and means for adaptively controlling said pressure generating means (4), the system (2) being character- 
ized by: 

means for detecting (8) a rate of airflow within the system; 
is means for partitioning said airflow into respiratory and non-respiratory components in response to the detect- 

ing means (8); 

means for identifying periods off inspiration and expiration by taking account of non-respiratory airflow informa- 
tion; 

means (106) for extracting a first respiratory airflow profile for a plurality of breaths at a first supply pressure; 
20 means (136) for determining a second respiratory airflow profile for at least one breath at a second supply 

pressure once the supply pressure has been changed from the first supply pressure to the second supply pres- 
sure by said pressure generating means (4); 
means (138) for comparing the first and second airflow profiles; and 

wherein the means for adaptively controlling the pressure generating means comprises means (1 0,1 2) for pre- 
25 venting a patient breathing disturbance from occurring by adaptively controlling said pressure generating 

means (4) in response to said comparing means (138) 



30 2. System (2) of claim 1 , wherein the extracting means (1 06) is further adapted to extract peak inspiratory airflow infor- 
mation for a plurality of breaths at the first pressure, and wherein the determining means (136) is further adapted 
to determine a second peak inspiratory airflow for at least one breath at a second pressure, and wherein the com- 
paring means (138) is further adapted to compare the first and second peak inspiratory airflow along with the first 
and second airflow profile. 

35 

3. System (2) according to claim 1 or 2, wherein said adaptive control means (10,12) further includes: 

means for averaging airflow information over a predetermined period of time and for determining non-respira- 
tory flow using said averaged information; and 
40 means for identifying periods of inspiration and expiration using said non-respiratory flow information. 

4. System (2)according to claim 3, wherein said adaptive control means (10,12) identifies a critical pressure (P crjt ) as 
a pressure at which a predetermined upper airway obstruction occurs during said inspiration. 

45 5. System (2) according to claim 4, wherein said adaptive control means (1 0, 1 2) extracts features indicative of airflow 
resistance in said upper airway system to identity said critical pressure (P crit ) and to set said command pressure. 

6. System (2) according to claim 5, wherein said extracted features include flatness, roundness and peak flow. 

so 7. System (2) of any of claims 1 to 6, wherein means (8) for detecting a rate of airflow is adapted to detect airflow to 
the upper airway system in predetermined increments of time to allow the production of airflow profiles for the 
breaths. 

8. System (2) of claim 7, wherein the means (1 06) for extracting a first respiratory airflow profile further extracts from 
55 the first respiratory airflow profile features comprising peak inspiratory airflow, flatness and/or roundness and 
wherein the means for determining a second respiratory airflow profile further determines from the second respira- 
tory airflow profile features comprising peak inspiratory airflow and either flatness or roundness. 
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9. System (2) of claim 8, wherein the comparing means is adapted to comparing the peak inspiratory airflow and the 
flatness or roundness of the first airflow profile with the same features extracted from said second respiratory air- 
flow profile. 

10. System (2 of any of claims 1 to 9, wherein the means for determining a second respiratory airflow profile is such 
that the at least one breath comprises a single breath. 

11. System according to any of claims 1 to 10, wherein said systefn further includes: 

means for determining an inspiratory airflow profile for said at least one period of inspiration. 

12. System according to claim 1 1 , wherein said determining means further includes: 

means for calculating a roundness feature and a flatness feature for said at least one period of inspiration. 

13. System according to claim 12, further including: 

means for establishing a predetermined airflow limit from at least said roundness feature, said flatness feature 
and a peak airflow signal, said predetermined airflow limit being adjusted in accordance with predetermined 
limit modifiers. 

14. System according. to claim 13, further comprising: 

means for updating said predetermined airflow limit modifiers in response to patient sleep stage and detected 
respiratory instabilities. 

15. System according to any of claims 1 to 10, further comprising: 

means for identifying test periods suitable for adjusting said upper airway pressure, said identifying means fur- 
ther including means for detecting respiratory instabilities which would render said test periods inaccurate. 

16. System according to claim 15, wherein said identifying means further includes: 

means for initiating a test period when respiratory instabilities have been detected for a predetermined number 
of inspiration and expiration periods. 

17. System according to claim 15, wherein said means for detecting respiratory instabilities further includes: 

means for determining that predetermined upper airway system performance indices are within predetermined 
physiological ranges. 

18. System according to claim 17, wherein said determining means further includes: 

means for detecting respiratory variation, apnea and hypoventilation. 

19. System according to any of claims 1 to 1 0, wherein said means for determining the non-respiratory component fur- 
ther includes: 

means for detecting airflow leaks in an airflow path connected with said upper airway system. 

20. System according to any of claims 1 to 1 0, wherein said means for determining a critical pressure further includes: 

means for reducing pressure in said upper airway system by a first predetermined amount; and 

means for incrementally reducing pressure in said upper airway system by a second predetermined amount 

less than said first predetermined amount, 

21. System according to any of claims 1 to 10, further including: 
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a memory for storing extracted features and incremental pressure adjustments. 

22. System according to claim 13, wherein said first and second predetermined airflow profiles correspond to peak air- 
flow limits when said roundness and flatness features have not changed by more than a predetermined amount. 

5 

23. System according to any of claims 1 to 10, further comprising: 

an additional external input from an oxygen saturation monitor or a snoring monitor. 
w 24. System according to any of claims 1 to 10, further comprising: 

an additional external input from a monitor of pressure, sound, oxygen saturation or body position. 
25. System according to any of claims 1 to 10, wherein said adaptive control means further includes: 

15 

means for identifying a critical pressure (P crit ) at which a significant obstruction occurs during said inspiration; 
and 

means for identifying an optimum pressure for eliminating said obstruction during said inspiration. 

20 26. System according to any of claims 1 to 1 0, wherein said adaptive control means performs the adjustment by iden- 
tifying relative changes in airflow during said step of detecting. 

27. System according to any of claims 1 to 10, wherein said adaptive control means further includes: 
25 means for extracting features indicative of airflow resistance in said upper airway system. 

28. System according to claim 25, wherein said means for identifying a critical pressure and an optimum pressure fur- 
ther includes: 

30 means for introducing incremental pressure perturbations into said upper airway system; 

means for extracting characteristic features of said upper airway system during inspiration; 

means for using said extracted characteristics to identify the optimum pressure and the critical pressure. 

Patentanspruche 

35 

1. System (2) zum Bereitstellen eines kontinuierlichen positiven Atemwegdrucks in einem oberen Atemwegsystem 
eines Patienten, wobei das System von der Art ist, die eine Einrichtung (4) zum Erzeugen von Druck im oberen 
Atemwegsystem als Reaktion auf einen Fuhrungsdruck und eine Einrichtung zur adaptiven Steuerung der drucker- 
zeugenden Einrichtung (4) aufweist, wobei das System (2) gekennzeichnet ist durch: 

40 

eine Einrichtung zur Detektion (8) einer Luftstromgeschwindigkeit innerhalb des Systems; 

eine Einrichtung zur Unterteilung des Luftstroms in respiratorische und nicht-respiratorische Komponenten als 

Reaktion auf die Detektionseinrichtung (8); 

eine Einrichtung zum Identifizieren von Perioden der Inspiration und Exspiration, indem Informationen des 
45 nicht-respiratorischen Luftstroms berucksichtigt werden; 

eine Einrichtung (106) zum Extrahieren eines ersten respiratorischen Luftstromprofils fur mehrere Atemzuge 
bei einem ersten Eingangsdruck; 

eine Einrichtung (136) zum Bestimmen eines zweiten respiratorischen Luftstromprofils fur mindestens einen 
Atemzug bei einem zweiten Eingangsdruck, sobald der Eingangsdruck durch die druckerzeugende Einrich- 
so tung (4) vom ersten Eingangsdruck auf den zweiten Eingangsdruck geandert worden ist; 

eine Einrichtung (138) zum Vergleichen der ersten und zweiten Luftstromprofile; und 

wobei die Einrichtung zur adaptiven Steuerung der druckerzeugenden Einrichtung eine Einrichtung (10,12) 
aufweist zur Verhinderung des Auftretens einer Storung der Patientenatmung durch adaptive Steuerung der 
druckerzeugenden Einrichtung (4) als Reaktion auf die Vergleichseinrichtung (138). 

55 

2. System (2) nach Anspruch 1 , wobei die Extraktionseinrichtung (106) ferner angepaBt ist, urn Informationen eines 
inspiratorischen Spitzen luftstroms fur mehrere Atemzuge bei dem ersten Druck zu extrahieren, und wobei die 
Bestimmungseinrichtung (136) ferner angepaGt ist, einen zweiten inspiratorischen Spitzen I uftstrom fur mindestens 
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einen Atemzug bei einem zweiten Druck zu bestimmen, und wobei die Vergleichseinrichtung (138) ferner angepaBt 
ist, den ersten und zweiten inspiratorischen Spitzenluftstrom zusammen mit dem ersten und zweiten Luftstrompro- 
fil zu vergleichen. 

3. System (2) nach Anspruch 1 oder2, wobei die adaptive Steuerungseinrichtung (10, 12) ferner aufweist: 

> 

> eine Einrichtung zum Mitteln von Luftstrorninformationen uber eine vorbestimmte Zeitspanne und zum Bestim- 
men eines nicht-respiratorischen Stroms unter Verwendung der gemittelten Information en; und 
eine Einrichtung zum Identifizieren von Perioden der Inspiration und Exspiration unter Verwendung der Infor- 
mationen des nicht-respiratorischen Stroms. 

4. System (2) nach Anspruch 3, wobei die adaptive steuerungseinrichtung (10,12) einen kritischen Druck (P crit ) als 
einen Druck identifiziert, bei dem eine vorbestimmte Obstruktion des oberen Atemweges wahrend der Inspiration 
auftritt. 

5. System (2) nach Anspruch 4, wobei die adaptive Steuerungseinrichtung (10,12) Merkmale extrahiert, die fur den 
Luftstromwiderstand im oberen Atemwegsystem kennzeichnend sind, urn den kritischen Druck (P crit ) zu identifizie- 
ren und urn den Fuhrungsdruck einzustellen. 

6. System (2) nach Anspruch 5, wobei die extrahierten Merkmale Ebenheit, Rundheit und Spitzenstrom aufweisen. 

7. System (2) nach einem der Anspruche 1 bis 6, wobei die Einrichtung (8) zur Detektion einer Luftstromgeschwin- 
digkeit angepaBt ist, urn einen Luftstrom in das obere Atemwegsystem in vorbestimmten zeitlichen Schritten zu 
detektieren, urn die Erzeugung von Luftstromprofilen fur die Atemzuge zu gestatten. 

8. System (2) nach Anspruch 7, wobei die Einrichtung (1 06) zum Extrahieren eines ersten respiratorischen Luftstrom- 
profils ferner aus dem ersten respiratorischen Luftstromprofil Merkmale extrahiert, die den inspiratorischen Spit- 
zenluftstrom, die Ebenheit und/oder Rundheit aufweisen, und wobei die Einrichtung zum Bestimmen eines zweiten 
respiratorischen Luftstromprofils ferner aus dem zweiten respiratorischen Luftstromprofil Merkmale bestimmt, die 
den inspiratorischen Spitzenluftstrom und entweder die Ebenheit oder die Rundheit aufweisen. 

9. System (2) nach Anspruch 8, wobei die Vergleichseinrichtung angepaBt ist, den inspiratorischen Spitzenluftstrom 
und die Ebenheit oder Rundheit des ersten Luftstromprofils mit denselben Merkmalen zu vergleichen, die aus dem 
zweiten respiratorischen Luftstromprofil extrahiert werden. 

10. System (2) nach einem der Anspruche 1 bis 9, wobei die Einrichtung zum Bestimmen eines zweiten respiratori- 
schen Luftstromprofils so gestaltet ist, daB der mindestens eine Atemzug einen einzigen Atemzug aufweist. 

11. System nach einem der Anspruche 1 bis 10, wobei das System ferner aufweist: 

eine Einrichtung zum Bestimmen eines inspiratorischen Luftstromprofils fur die mindestens eine Periode der 
Inspiration. 

12. System nach Anspruch 1 1 , wobei die Bestimmungseinrichtung ferner aufweist: 

eine Einrichtung zur Berechnung eines Rundheitsmerkmals und eines Ebenheitsmerkmals fur die mindestens 
eine Periode der Inspiration. 

13. System nach Anspruch 12, das ferner aufweist: 

eine Einrichtung zum Festlegen einer vorbestimmten Luftstromgrenze aus mindestens dem Rundheitsmerk- 
mal, dem Ebenheitsmerkmal und einem Spitzenluftstromsignal, wobei die vorbestimmte Luftstromgrenze 
gemaB vorbestimmten Grenzmodifizierfaktoren eingestellt wird. 

14. System nach Anspruch 13, das ferner aufweist: 

eine Einrichtung zum Aktualisieren der vorbestimmten Modifizierfaktoren der Luftstromgrenze als Reaktion auf 
ein Patientenschlafstadium und detektierte respiratorische Instabilitaten. 
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15 v System nach einem der Anspruche 1 bis 10, das ferner aufweist: 

eine Einrichtung zum Identifizieren von Prufungsperioden, die geeignet sind, den oberen Atemwegdruck ein- 
zustellen, wobei die Identifikationseinrichtung ferner eine Einrichtung zur Detektion respiratorischer Instabilita- 
5 ten aufweist, die die Prufungsperioden ungenau machen wurden. 

16. System nach Anspruch 15, wobei die Identifikationseinrichtung ferner aufweist: 

eine Einrichtung zum Einleiten einer Prufungsperiode, wenn respiratorische Instabilitaten wahrend einer vor- 
w bestimmten Anzahi von Inspirations- und Exspirationsperioden detektiert worden sind. 

17. System nach Anspruch 15, wobei die Einrichtung zur Detektion respiratorischer Instabilitaten ferner aufweist: 

eine Einrichtung zum Bestimmen, da(3 vorbestimmte Leistungskennziffern des oberen Atemwegsystems 
15 innerhalb vorbestimmter physiologischer Bereiche liegen. 

18. System nach Anspruch 17, wobei die Bestimmungseinrichtung ferner aufweist: 

eine Einrichtung zur Detektion einer respiratorischen Variation, Apnoe und Hypoventilation. 

20 

19. System nach einem der Anspruche 1 bis 10, wobei die Einrichtung zum Bestimmen der nicht-respiratorischen 
Komponente ferner aufweist: 

eine Einrichtung zur Detektion von Luftstromlecks in einem Luftstromweg, der mit dem oberen Atemwegsy- 
25 stem verbunden ist. 

20. System nach einem der Anspruche 1 bis 10, wobei die Einrichtung zum Bestimmen eines kritischen Drucks ferner 
aufweist: 

30 eine Einrichtung zur Verrninderung des Drucks im oberen Atemwegsystem urn einen ersten vorbestimmten 

Betrag; und 

eine Einrichtung zur inkrementalen Verrninderung des Drucks im oberen Atemwegsystem urn einen zweiten 
vorbestimmten Betrag, der kleiner als der erste vorbestimmte Betrag ist. 

35 21. System nach einem der Anspruche 1 bis 10, das ferner aufweist: 

einen Speicher zum Speichern extrahierter Merkmale und inkrementaler Druckeinstellungen. 

22. System nach Anspruch 13, wobei die ersten und zweiten vorbestimmten Luftstromprofile Spitzenluftstromgrenzen 
40 ehtsprechen, wenn sich die Rundheits- und Ebenheitsmerkmale nicht urn mehr als einen vorbestimmten Betrag 

geandert haben. 

23. System nach einem der Anspruche 1 bis 10, das ferner aufweist: 

45 einen zusatzlichen auGeren Eingang von einem Sauerstoffsattigungsuberwachungsgerat oder einem 

Schnarchuberwachungsgerat. 

24. System nach einem der Anspruche 1 bis 10, das ferner aufweist: 

so einen zusatzlichen auGeren Eingang von einem Uberwachungsgerat fur Druck, Schall, Sauerstoffsattigung 

Oder Korperposition. 

25. System nach einem der Anspruche 1 bis 10, wobei die adaptive Steuereinrichtung ferner aufweist: 

55 eine Einrichtung zum Identifizieren eines kritischen Drucks (P crit ), bei dem eine signifikante Obstruktion wah- 

rend der Inspiration auftritt; und 

eine Einrichtung zum Identifizieren eines optimalen Drucks zur Beseitigung der Obstruktion wahrend der Inspi- 
ration. 
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^ 26. System nach einem der Anspruche 1 bis 10, wobei die adaptive Steuereinrichtung die Einstellung durchfuhrt, 
indem sie relative Anderungen des Luftstroms wahrend des Schritts des Detektierens identifiziert. 

27. System nach einem der Anspruche 1 bis 10, wobei die adaptive Steuereinrichtung ferner aufweist: 

5 

eine Einrichtung zum Extrahieren von Merkmalen, die kennzeichnend fur den Luftstromwiderstand im oberen 
Atemwegsystem sind. 

28. System nach Anspruch 25, wobei die Einrichtung zum Identifizieren eines kritischen Drucks und eines optimalen 
w Drucks ferner aufweist: 

eine Einrichtung zum Einfuhren von inkrementalen Druckstdrungen in das obere Atemwegsystem; 

eine Einrichtung zum Extrahieren von charakteristischen Merkmalen des oberen Atemwegsystems wahrend 

der Inspiration; 

15 eine Einrichtung zum Verwenden der extrahierten Eigenschaften, urn den optimalen Druck und den kritischen 

Druck zu identifizieren. 

Revendications 

20 1. Systeme (2) pour fournir une pression d'air positive continue dans un systeme des voies aeriennes superieures 
d'un patient, ledit systeme etant du type ayant des moyens (4) pour generer une pression vers ledit systeme des 
voies aeriennes superieures en reaction a une pression de commande et des moyens pour commander de fagon 
adaptable lesdits moyens generateurs de pression (4), le systeme (2) etant caracterise par : 

25 des moyens pour detecter (8) un taux d'ecoulement d'air a iinterieur du systeme ; 

des moyens pour re>artir ledit ecoulement d'air dans des composantes respiratoires et non respiratoires en 
reaction aux moyens de detection (8) ; 

des moyens pour identifier des periodes d'inspiration et d'expiration en tenant compte de reformation d'ecou- 
lement d'air non respiratoire ; 

30 des moyens (106) pour extraire un premier profil d'ecoulement d'air respiratoire pour une pluralite de respira- 

tions a une premiere pression d'alimentation ; 

des moyens (136) pour determiner un deuxieme profil d'ecoulement d'air respiratoire pour au moins une res- 
piration a une deuxieme pression d'alimentation une fois que la pression d'alimentation a ete modifiee de la 
premiere pression d'alimentation en la deuxieme pression d'alimentation par lesdits moyens generateurs de 

35 pression (4) ; 

des moyens (138) pour comparer les premier et deuxieme profils d'ecoulement d'air ; et 
dans lequel les moyens pour commander de fagon adaptable les moyens generateurs de pression compren- 
nent des moyens (10, 12) destines a empecher qu'un trouble respiratoire du patient ne se produise en com- 
mandant de fagon adaptable lesdits moyens generateurs de pression (4) en reaction auxdits moyens de 

40 comparaison (138). 

2. Systeme (2) selon la revendication 1 , dans lequel les moyens d'extraction (1 06) sont en outre adaptes pour extraire 
une information d'ecoulement d'air inspiratoire de pointe pour une pluralite de respirations a la premiere pression, 
et dans lequel les moyens de determination (136) sont encore adaptes pour determiner un deuxieme ecoulement 

45 d'air inspiratoire de pointe pour au moins une respiration a une deuxieme pression, et dans lequel les moyens de 
comparaison (1 38) sont en outre adaptes pour comparer le premier et le deuxieme ecoulement d'air inspiratoire de 
pointe au premier et au deuxieme profil d'ecoulement d'air. 

3. Systeme (2) selon la revendication 1 ou 2, dans lequel lesdits moyens de commande adaptables (1 0, 1 2) compren- 
so nent en outre : des moyens pour etablir une moyenne de I'information d'ecoulement d'air sur une periode de temps 

pred&erminee et pour determiner un ecoulement non respiratoire en utilisant ladite information moyenne ; et des 
moyens pour identifier des penodes d'inspiration et d'expiration en utilisant ladite information d'ecoulement non 
respiratoire. 

55 4. Systeme (2) selon la revendication 3, dans lequel lesdits moyens de commande adaptables (1 0, 1 2) identif lent une 
pression critique (P crjt ) comme pression a laquelle une obstruction des voies aeriennes superieures predetermined 
se produit pendant ladite inspiration. 
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5. Systeme (2) selon la revendication 4, dans lequel lesdits moyens de commande adaptables (10, 12) extraient des ' 
* caracteristiques indiquant une resistance a I'ecoulement gazeux dans ledit systeme des voies aeriennes superieu- 
res pour identifier ladite pression critique (P crjt ) et pour etablir ladite pression de commande. 

5 6. Systeme (2) selon la revendication 5, dans lequel lesdites caracteristiques extraites comprennent la planeite, la 
rondeur et un ecoulement de pointe. 

7. Systeme (2) selon Tune quelconque des revendications 1 a 6, dans lequel des moyens (8) pour detecter un taux 
d'ecoulement d'air sont adaptes pour detecter I'ecoulement d'air vers le systeme des voies aeriennes superieures 

10 par paliers de temps predetermines pour permettre la production de profils d'ecoulement d'air pour les respirations. 

8. Systeme (2) selon la revendication 7, dans lequel les moyens pour extraire (106) un premier profil d'ecoulement 
d'air respiratoire extraient en outre du premier profil d'ecoulement d'air respiratoire des caracteristiques compre- 
nant un ecoulement d'air inspiratoire de pointe, de planeite et/ou de rondeur et dans lequel les moyens pour deter- 

w miner un deuxieme profil d'ecoulement d'air respiratoire determine en outre a partir du deuxieme profil 
d'ecoulement d'air respiratoire des caracteristiques comprenant un ecoulement d'air inspiratoire de pointe et de 
planeite ou de rondeur. 

9. Systeme (2) selon la revendication 8, dans lequel les moyens de comparaison sont adaptes pour comparer I'ecou- 
20 lement d'air inspiratoire de pointe et de planeite ou de rondeur du premier profil d'ecoulement d'air avec les carac- 
teristiques similaires extraites dudit deuxieme profil d'ecoulement d'air respiratoire. 

10. Systeme (2) selon I'une quelconque des revendications 1 a 9, dans lequel les moyens pour determiner un 
deuxieme profil d'ecoulement d'air respiratoire est tel que la au moins une respiration comprend une seule respi- 

25 ration. 

11. Systeme selon I'une quelconque des revendications 1 a 10, dans lequel ledit systeme comprend en outre : des 
moyens pour determiner un profil d'ecoulement d'air inspiratoire pour ladite au moins une periode d'inspiration. 

30 12. Systeme selon la revendication 11, dans lequel lesdits moyens de determination comprennent en outre : des 
moyens pour calculer une caracteristique de rondeur et une caracteristique de planeite pour ladite au moins une 
periode d'inspiration. 

13. Systeme selon la revendication 12, comprenant en outre : des moyens pour etablir une limite d'ecoulement d'air 
35 predeterminee a partir d'au moins ladite caracteristique de rondeur, ladite caracteristique de planeite et d'un signal 

d'ecoulement d'air de pointe, ladite limite d'ecoulement d'air predeterminee etant ajustee conformement aux modi- 
ficateurs de limite predeterminee. 

14. Systeme selon la revendication 13, comprenant en outre : des moyens pour mettre a jour lesdits modificateurs de 
40 limite d'ecoulement d'air predeterminee en reaction a la phase de sommeil du patient et a des instabilites respira- 

toires detectees. 

15. Systeme selon I'une quelconque des revendications 1 a 10, comprenant en outre : 

45 des moyens pour identifier des periodes d'essai adequates pour ajuster ladite pression des voies aeriennes 

superieures, lesdits moyens d'identification comprenant en outre des moyens pour detecter les instabilites res- 
piratoires qui rendraient lesdites periodes d'essai inexactes. 

16. Systeme selon la revendication 15, dans lequel lesdits moyens d'identification comprennent en outre : des moyens 
so pour lancer une periode d'essai lorsque des instabilites respiratoires sont detectees pendant un nombre predeter- 
mine de periodes d'inspiration et d'expiration. 

17. Systeme selon la revendication 15, dans lequel lesdits moyens pour detecter des instabilites respiratoires com- 
prennent en outre : des moyens pour determiner que les indices de fonctionnement du systeme des voies aerien- 

55 nes superieures predetermines sont dans des plages physiologiques pred£terminees. 

18. Systeme selon la revendication 17, dans lequel lesdits moyens de determination comprennent en outre : des 
moyens pour detecter une variation respiratoire, une apnee et une hypoventilation. 
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^> 19. Systeme selon Tune quelconque des revendications 1 a 10, dans lequel lesdits moyens pour determiner la compo- 
sante non respiratoire comprennent en outre : des moyens pour detecter des fuites d'ecoulement d'air dans un tra- 
jet d'ecoulement d'air relie audit systeme des voies aeriennes superieures. 

5 20. Systeme selon Tune quelconque des revendications 1 a 10, dans lequel lesdits moyens pour determiner une pres- 
sion critique comprennent en outre : des moyens pour reduire la pression dans ledit systeme des voies aeriennes 
superieures d'une premiere valeur predeterminee ; et des moyens pour reduire par paliers la pression dans ledit 
systeme des voies aeriennes superieures d'une deuxieme valeur predeterminee inferieure a ladite premiere valeur 
predeterminee. 

10 

21. Systeme selon Tune quelconque des revendications 1 a 10, comprenant en outre : une memoire pour enregistrer 
des caracteristiques extraites et des ajustements de pression incrementiels. 

22. Systeme selon la revendication 13, dans lequel lesdits premier et deuxieme profils d'ecoulement d'air predetermi- 
15 nes correspondent a des limites d'ecoulement d'air de pointe lorsque lesdites caracteristiques de rondeur et de pla- 

neite n'ont pas change de plus d'une valeur predeterminee. 

23. Systeme selon I'une quelconque des revendications 1 a 10, comprenant en outre : une entree externe supplemen- 
tal provenant d'un dispositif de surveillance de la saturation d'oxygene ou d'un dispositif de surveillance du ron- 

20 flement. 

24. Systeme selon I'une quelconque des revendications 1 a 10, comprenant en outre : une entree externe supplemen- 
tal provenant d'un dispositif de surveillance de pression, de son, de saturation d'oxygene ou de position corpo- 
relle. 

25 

25. Systeme selon I'une quelconque des revendications 1 a 10, dans lequel lesdits moyens de commande adaptables 
comprennent en outre : des moyens pour identifier une pression critique (P crit ) a laquelle une obstruction impor- 
tante se produit pendant ladite inspiration ; et des moyens pour identifier une pression optimale pour eliminer ladite 
obstruction pendant ladite inspiration. 

30 

26. Systeme selon I'une quelconque des revendications 1 a 10, dans lequel lesdits moyens de commande adaptables 
realisent I'ajustement en identifiant des changements relatifs de recoupment d'air pendant ladite etepe de detec- 
tion. 

35 27. Systeme selon Tune quelconque des revendications 1 a 10, dans lequel lesdits moyens de commande adaptables 
comprennent en outre : des moyens pour extraire des caracteristiques indiquant une resistance a recoupment 
gazeux dans ledit systeme des voies aeriennes superieures. 

28. Systeme selon la revendication 25, dans lequel lesdits moyens d'identification d'une pression critique et d'une pres- 
40 sion optimale comprennent en outre : 

des moyens pour introduire des perturbations de pression incrementielles dans ledit systeme des voies aerien- 
nes superieures ; 

des moyens pour extraire des proprietes caracteristiques dudit systeme des voies aeriennes superieures pen- 
45 dant {'inspiration ; 

des moyens pour utitiser lesdites caracteristiques extraites afin d'identifier la pression optimale et la pression 
critique. 

50 
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